This paper proposes an automatic method to summarize Bangla news document. In the proposed approach, pronoun replacement is accomplished for the first time to minimize the dangling pronoun from summary. After replacing pronoun, sentences are ranked using term frequency, sentence frequency, numerical figures and title words. If two sentences have at least 60% cosine similarity, the frequency of the larger sentence is increased, and the smaller sentence is removed to eliminate redundancy. Moreover, the first sentence is included in summary always if it contains any title word. In Bangla text, numerical figures can be presented both in words and digits with a variety of forms. All these forms are identified to assess the importance of sentences. We have used the rule-based system in this approach with hidden Markov model and Markov chain model. To explore the rules, we have analyzed 3,000 Bangla news documents and studied some Bangla grammar books. A series of experiments are performed on 200 Bangla news documents and 600 summaries (3 summaries are for each document). The evaluation results demonstrate the effectiveness of the proposed technique over the four latest methods.
Introduction
The amount of available information increases rapidly with the development of information technology and the use of the Internet [1] . The estimated size of the websites, which holds e-contents, was around 4.76 billion pages in November 19, 2016 [2] and it is increasing exponentially in every second [3] . Users are encumbered with the huge volume of electronic texts, whereas they expect the concise information within the shortest possible time. So, the automatic text summarization is needed to process the Internet data efficiently and scavenging useful information from it [3] .
The state-of-the-art works in this field [4] [5] [6] [7] have focused on automatic text summarization in different languages, started with English. Automatic English text summarization technique was first proposed by Luhn [8] using term frequency, around five decades ago. With the increase of online contents, Edmundson [9] offered a significant development in English text summarization by considering text title, cue-words, and location of sentences. Still, the trend is being continued not only for English but also for Bangla text summarization [6, 7, 10] . As Bangla is the 7th most spoken language [11] , e-contents in Bangla are dramatically increasing throughout the cyber world. Therefore, an efficient Bangla text summarization technique is essential for researchers, international news agencies, and individuals.
To mitigate this burden of a large volume of text, very few research works have been accomplished for Bangla [6, 7] . So, for the welfare of the large community of Bangla-speaking people, more research is necessary. But, research works for Bangla language is difficult for the followings:
Based on our study, automatic methods are hardly available for Bangla language. The lexical database like WordNet in English [12] is not available for Bangla. Such a tool is going to be developed for Bangla with limited features [13] . Subjects and objects of all the sentences are needed to be identified for proper recognition of structures of sentences which is also complex in Bangla than that of English. Because, the subjects in English sentences can be placed before the verb phrase, the auxiliary verb in the active voice and it can be appeared after the word 'by' in the passive voice. But, the subject may exist in the first, last or middle places of sentences (before or after the verb) for both active and passive voices in Bangla sentences. Some significant problems have also been discussed in [14, 15] about the research works on Bangla. Moreover, the scope of knowledge sharing is limited as there are a few researchers in the arena of Bangla language processing. Despite these difficulties, a procedure has been presented here for Bangla text summarization which also focuses on the problem of dangling pronoun in summary. In the output of text summarization, the existence of any dangling pronoun makes the information incoherent. So, the systems which have been developed for burden minimization from a large volume of text may deliver the wrong message if there is any dangling pronoun. Other than receiving a direction, the user will often be misguided with misinformation. In these circumstances, we have proposed a method with the following major contributions:
Replacing pronouns by the corresponding nouns to minimize the number of dangling pronouns in summary. Introducing sentence frequency for sentence ranking and eliminating redundancy. Identifying numerical figures from the variety of forms (presented in words and digits) to assess the importance of sentences.
Point to be mentioned that part of this proposed method has been presented in [16] . To accomplish this research work, we have scrutinized 3000 Bangla news documents (news documents of around one month from the Daily Prothom-Alo which is the most popular newspaper of Bangladesh). Seven knowledgeable persons of Bangla language, who have completed four years graduation on Bangla language (their mother tongue is Bangla), helped us in this research work. After a detail discussion with those seven persons regarding the structures of sentences of Bangla language and analysis of news documents, we have used several rules in this proposed method.
The rest of the paper is organized as follows: Section 2 describes literature review on Bangla text summarization. Section 3 illustrates proposed method in details. Implementation model and algorithms are given in Section 4. Evaluation and discussion on results are depicted in Section 5. Finally, the conclusion is turned with future works in Section 6.
